The L~1~ subgroup of the immunoglobulin G superfamily participates in neurite outgrowth, neurite fasciculation and inter-neuronal adhesion. Almost all functional studies of the L~1~ family have focused on their role in neurons. In this issue of the *Journal of Cell Biology* ([Tait et al. 2000](#Taitetal2000){ref-type="bib"}), the 155kD isoform of neurofascin, an ankyrin binding member of the L~1~ family is identified as the first glial constituent of the paranodal axo-glial junction. As the major anchor between myelin and axons, these septate-like junctions are also thought to contain the molecular orchestrators for the polarization of axonal and myelin membranes into nodes of Ranvier. The importance of this polarization and how it may occur is the focus of this commentary.

The sophisticated executive and motor functions we utilize to compete and survive depend upon rapid communication between billions of nerve cells. Rapid nerve communication can be achieved by increasing the diameter of the axons or cables that interconnect neurons to each other or to muscle and sensory endings. While this mechanism efficiently facilitates rapid nerve conduction in less sophisticated invertebrates, it would add unmanageable axonal bulk and brain mass to the mammalian CNS. Therefore, a mechanism for rapid nerve conduction evolved that concentrates the voltage-gated Na^+^ channels at discrete regions of the axon called nodes of Ranvier. The nodes are separated by a multilamellar, tightly compacted membrane called myelin that is synthesized by Schwann cells in the peripheral nervous system (PNS) and oligodendrocytes in the central nervous system (CNS). Myelin insulates axons and increases the resistance and decreases the capacitance of axonal membranes. The physiological end-product of myelination is saltatory conduction where the nerve impulse rapidly "jumps" from node to node. To obtain the same conductance without myelin, axonal diameters would have to increase 15,000-fold ([Salzer 1997](#Salzer1997){ref-type="bib"}).

The clustering of Na^+^ channels at nodes requires the development of specialized domains of both axonal and myelin surface membranes. It is unknown, however, whether nodal distributions are dictated by intrinsic axonal properties or by ensheathing glial cells. Myelination is required for axonal Na^+^ channel clustering in vivo ([Ching et al. 1999](#Chingetal1999){ref-type="bib"}; [Rasband et al. 1999](#Rasbandetal1999){ref-type="bib"}). This does not necessarily mean, however, that myelination or a glial component dictates the distribution of nodes of Ranvier. Internodal distances are not the same on all axons. Nodes are spaced at approximately 100 times the diameter of the mature axon and thus range from 2.0 mm to 150 μm apart. Internodal distances are relatively constant along individual axons and established early in development when most axons have similar diameters. These observations support the concept that internodal distances are an inherent property of axons and thus dictated by an axolemmal molecule. The thickness of the myelin internode (number of spiral wraps) is also related to the mature diameter of the axon and thus to internodal distances. Mechanisms that determine nodal distributions may also regulate aspects of myelin gene expression.

One key to unraveling the mechanisms responsible for node formation is elucidation of the molecular composition of the membranes that comprise and demarcate the node of Ranvier ([Fig. 1](#F1){ref-type="fig"}). The myelinated axon can be divided into three domains: the internodal axon covered by compact myelin; the paranodal axon connected to the terminal ends or paranodal loops of the myelin internode by septate-like junctions; and the nodal axon which can be apposed by Schwann cell microvilli or astrocyte processes. The internodal axolemma contains high concentrations of K^+^ channels that are enriched in the juxtaparanodal region. The myelin-associated glycoprotein (MAG) is enriched in the internodal periaxonal or adaxonal membrane of the myelin sheath ([Trapp et al. 1989](#Trappetal1989){ref-type="bib"}), but is not essential for myelination or Na^+^ channel clustering.

The paranodal loops tightly adhere to the axon through a continuous spiral of axo-glial junctions that resemble invertebrate septate junctions (SJs; [Arroyo and Scherer 2000](#ArroyoandScherer2000){ref-type="bib"}). The paranodal loops are a spiraled cytoplasmic channel that is contiguous with the perikaryon of the myelin-forming cell and thus can serve as a conduit for transmitting axonally induced signals that could regulate glial gene transcription. These junctions also form a physical barrier that prevents diffusion of nodal Na^+^ channels and juxtaparanodal K^+^ channels. Axo-glial paranodal junctions, therefore, share adhesion, diffusion barrier and putative intercellular communication functions with invertebrate SJs.

The paranodal axolemma contains the adhesion molecule caspr-1 (also called paranodin; [Menegoz et al. 1997](#Menegozetal1997){ref-type="bib"}; [Einheber et al. 1997](#Einheberetal1997){ref-type="bib"}). Caspr-1 has been included in the neurexin superfamily that also contains neurexin I, II, IIIα, and caspr-2 ([Bellen et al. 1998](#Bellenetal1998){ref-type="bib"}). The caspr-1 homologue, neurexin IV, and gliotactin are localized to drosophila SJs along with a homologue of the cytoskeletal binding protein 4.1. Flies null for neurexin IV or gliotactin fail to form SJs. Gliotactin is related to neuroligins, heterophilic binding partners for the neurexins. The adhesion molecules, MAG and E-cadherin, are enriched in paranodal membranes, but not localized in axo-glial junctions. Tait et al. identified NF155 as the first glial molecule enriched in paranodal SJs using electron microscopic immunocytochemistry. In addition, NF155 and caspr-1 colocalized in confocal images of normal paranodal regions and at ectopic locations along dysmyelinated fibers in the Shiverer mouse. NF155 did not co-immunoprecipitate with caspr-1. However, this does not eliminate NF155 as a possible caspr-1 binding partner since adhesion could be regulated by cytoskeletal interactions and/or inside out signaling. As suggested ([Tait et al. 2000](#Taitetal2000){ref-type="bib"}), it is likely that caspr-1 and NF155 have unidentified binding partners.

An early event in node genesis is the formation of the initial paranodal loop with its characteristic septate junction. Longitudinal ensheathment may proceed until binding of axonal and glial molecules dictates the location of the first paranodal loop and septate junction. Tait et al. also demonstrate that NF155 mRNA levels peaked during initial stages of myelination in the optic nerve (postnatal day 8) supporting a possible role for NF155 in early paranodal formation. Formation of the first septate junction could also provide a stop signal for longitudinal ensheathment of the axon and a start signal for spiral wrapping of myelin. Adherens and tight junction proteins (β-catenin, Z0-1, ZONAB, and huASH1) can be part of signaling pathways that regulate cell growth and differentiation by acting as or binding to transcription factors ([Kirkpatrick and Peifer 1995](#KirkpatrickandPeifer1995){ref-type="bib"}; [Tsukita et al. 1999](#Tsukitaetal1999){ref-type="bib"}; [Balda and Matter 2000](#BaldaandMatter2000){ref-type="bib"}; [Nakamura et al. 2000](#Nakamuraetal2000){ref-type="bib"}). Transcription factors associated with the axo-glial junctions or adherens junctions that connect adjacent paranodal loops may help regulate myelin-forming cell gene expression and provide a mechanism for integrating internodal length and myelin sheath thickness.

In addition to Na^+^ channels, the nodal axolemma contains an isoform of Na^+^/K^+^ ATPase, the cell adhesion molecules, neurofascin 187 (NF187) and NrCAM, and the membrane skeletal proteins ankyrin~G~ 480/270 kD ([Davis et al. 1996](#Davisetal1996){ref-type="bib"}; [Lambert et al. 1997](#Lambertetal1997){ref-type="bib"}). Voltage-gated Na^+^ channels bind directly to ankyrin~G~ as does NrCAM and NF187. Ankyrin~G~, with its ability to bind multiple transmembrane proteins, therefore, may be a key component in the assembly of Na^+^ channel clusters and functional nodes of Ranvier ([Bennett and Lambert 1999](#BennettandLambert1999){ref-type="bib"}). Na^+^ channel clusters are first detected adjacent to the ends of the developing myelin internodes as they longitudinally ensheath the axon ([Ching et al. 1999](#Chingetal1999){ref-type="bib"}; [Rasband et al. 1999](#Rasbandetal1999){ref-type="bib"}). They appear initially as doublets corresponding to heminodes and then as single clusters at the mature node. It is possible that Na^+^ channels are pushed and concentrated along the axons by the advancing myelin sheath. Since Na^+^ channel--cytoskeletal protein interactions differ in node and non-nodal locations ([Bennett and Lambert 1999](#BennettandLambert1999){ref-type="bib"}), selective recruitment and/or stabilization of nodal Na^+^ channels must also occur.

NrCAM and neurofascin have been detected at developing nodal regions slightly before Na^+^ channels and ankyrin~G~ 270/440, which appear in parallel. This has led to the hypothesis that NrCAM and neurofascin form a complex with Na^+^ channels through an interaction with ankyrin~G~. Ankyrin~G~ is essential for Na^+^ channel cluster as well as NrCAM and NF187 distribution at the axon initial segment, a functional counterpart of nodes ([Zhou et al. 1998](#Zhouetal1998){ref-type="bib"}). Two important questions are when does ankyrin~G~ associate with Na^+^ channels and does it play a role in targeting Na^+^ channels to the node or stabilizing them once they are there? Ankyrin~G~ binding is regulated by dephosphorylation of NrCAM and NF187 ankyrin binding domains ([Bennett and Lambert 1999](#BennettandLambert1999){ref-type="bib"}). Interestingly, myelination regulates the phosphorylation of internodal neurofilaments, which in turn increases axonal diameter. Nodal and paranodal neurofilaments are mostly nonphosphorylated. A central feature of the nodal axoplasm, therefore, includes regulation of kinase, phosphatase and possibly other enzymatic activities. A mechanism for local modification of nodal molecules and independent of transcription is essential as nodes can be located a meter or more from the neuronal nucleus.

While the molecular orchestrator for nodal distribution is likely to be part of the paranodal septate junction, proper nodal formation and distribution includes adhesion, signaling and cytoskeletal interactions of several multimolecular complexes that are located in paranodal, nodal and myelin membranes. Mice with point or null mutations in the myelin components myelin basic protein (MBP; [Rasband et al. 1999](#Rasbandetal1999){ref-type="bib"}; [Tait et al. 2000](#Taitetal2000){ref-type="bib"}), P~0~ protein ([Martini et al. 1995](#Martinietal1995){ref-type="bib"}), PMP^.^22 ([Lambert et al. 1997](#Lambertetal1997){ref-type="bib"}), connexin 32 ([Neuberg et al. 1999](#Neubergetal1999){ref-type="bib"}), and galactocerebroside ([Dupree et al. 1999](#Dupreeetal1999){ref-type="bib"}) can contain ectopic Na^+^ channel clusters and/or disrupted paranodes. The complexity and dependency of these interactions on nodal formation is highlighted by the fact that none of these molecules are located in septate junctions and P~0~ and MBP are enriched in compact myelin and absent from paranodal membranes.

The following can be considered as a working hypothesis for mechanisms involved in nodal formation. Adhesion molecules in the paranodal septate junctions dictate the sites of nodes. This adhesion induces binding between ankyrin~G~ and multiple transmembrane proteins that in turn, target and stabilize Na^+^ channel clusters at the node. Dephosphorylation of the ankyrin binding domains of the axonal adhesion molecules is locally regulated and a requisite for ankyrin~G~ binding and node formation. Further characterization of the molecular components of paranodal and nodal membranes is needed to test and expand these hypotheses and provide insights into the mechanisms that integrate node distribution and myelin sheath thickness.
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